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DETAILED ACTION 

Priority 

1 . Acknowledgement of the priority papers under 371 has been differed because 
the papers in the filed do not match to the current application. The papers in the file 
belong to JP/00/06383 instead of JP/00/06838. 

Information Disclosure Statement 

2. The front file shows as if the office received an Information Disclosure Statement 
(IDS) on 2/19/02. However, such an IDS is not in the file and Examiner is kindly 
requesting Applicant to provide such an IDS. 

Drawings 

3. Figures 15-17 should be designated by a legend such as -Prior Art- because 
only that which is old is illustrated. See MPEP § 608.02(g). Corrected drawing sheets 
are required in reply to the Office action to avoid abandonment of the application. The 
replacement sheet(s) should be labeled "Replacement Sheet" in the page header (as 
per 37 CFR 1 .84(c)) so as not to obstruct any portion of the drawing figures. If the 
examiner does not accept the changes, the applicant will be notified and informed of 
any required corrective action in the next Office action. The objection to the drawings 
will not be held in abeyance. 
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Claim Rejections - 35 USC §112 

4. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter, which the applicant regards as his invention. 

1. Claim 6 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

It is not clear from the claim whether the claimed subject matter in claim 6 is a 
method or an apparatus claim. 

Claim Rejections - 35 USC § 102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) The invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

3. Claim 6 is rejected under 35 U.S.C. 102(b) as being anticipated by Applicant's 
Stated Own Prior Art fig. 15. 

Applicant's Stated Own Prior Art (ASOPA hereinafter) teaches a receiver, fig. 15, for 
receiving an I and Q signals within the received IF frequency to be converted to a 
baseband signal (see output from element 71) having frequency error comprising: a 
frequency error calculating device (77) for calculating the frequency error of the frame 
sync. Signal in the received base band signal; and AFC 79, loop filter 78 and phase 
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error detector 76 for generating a frequency and phase error to correct the phase and 
frequency of the carrier frequency at oscillator 70 as in claim 6. 



Allowable Subject Matter 

4. Claims 1-5 and 7-13 are allowed. 

5; The following is a statement of reasons for the indication of allowable subject 
matter: The claimed subject matter in claims 1-5 and 7-13 are allowable because the 
prior arts of record fail to teach or fairly suggest the claimed "a synchronization 
acquiring circuit for receiving a baseband signal transferred as an intermediate 
frequency signal by down converting intermediate frequency signal obtained by down- 
converting a received radio wave and for acquiring a radio frequency channel 
comprising a plurality of pattern detection means (5-1 to 5-3 in fig. 3 and 54-1 to 54—5 
in fig. 8), claimed in claims 1 and 7, disposed in parallel each (claimed first, second and 
third pattern detection means in claims 2 and 13, and first through fifth pattern detection 
circuit means in claim 8) performing an operation of receiving the baseband signal 
transferred by the intermediate frequency signal of a different frequency range (the 
claimed base band signal having a predetermined frequency range, higher frequency 
range and lower frequency range in claims 2,8 and 13) and detecting predetermined 
frame synchronization pattern and in combination with the carrier recovery means (50 
and 56-59) as in claims 1,2,7,8 and 13." 
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Conclusion 

6. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. US patent number 5,953,649 issued to Junell discloses a 
receiver having frame sync detecting circuit for in recovering the carrier. 

7. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Tesfaldet Bocure whose telephone number is (703) 305- 
4735. The examiner can normally be reached on Mon-Thur (7:30a-5:00p) & Mon.-Fri 
(7:30a-5:00p). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Mohammad H Ghayour can be reached on (703) 306-3034. The fax phone 
number for the organization where this application or proceeding is assigned is 703- 
872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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[57] ABSTRACT 

In a telecommunications system, where the receiver must 
find a signal arranged in a regular pattern in frame periods 
(10) and further in slots (11) from among several possible 
frequencies, there is applied a two-step synchronisation 
procedure. In the first step (20), the receiver records a 
sample sequence (30) having the length of two frame 
periods and a sampling ratio of 1/1, and calculates on the 
basis of this an estimate sequence (32), where each estimate 
is a sliding average of N successive samples, and N is the 
number of symbols contained by one slot The largest 
estimates (35, 36, 37, 38) correspond to those bursts of the 
detected signal that have the highest power; on the basis of 
them, there is calculated a coarse frame synchronisation at 
the accuracy of 30 symbols. In the second step (24), in each 
recorded frame there is detected a given reference sequence 
(14;43) by looking for a sequence of successive samples that 
best correlates with the known Conn (43) of the reference 
sequence. If the location of the found reference sequences is 
equal, in both frames, with sufficient accuracy, the signal is 
found. 

15 Claims, 6 Drawing Sheets 
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SIGNAL ACQUISITION IN A SATELLITE 
TELEPHONE SYSTEM 

BACKGROUND OF THE INVENTION 

The invention relates in general to the operation of a 5 
receiver in order to find the electric signal to be received, and 
in particular to the utilisation of a control signal provided in 
a predetermined rhythmic pattern in a situation where the 
receiver must find the signal among several possible fre- 
quencies and synchronise the reception according to the 10 
signal properties. 

In such radio communications systems that have several 
data transmission frequencies and variable uses with respect 
to area and/or time, the receiver must, prior to beginning the }S 
reception proper, find the desired signal and synchronise its 
operation in order to interpret the content of the signal. 
Finding the signal means that the receiver is tuned to exactly 
that frequency where the signal is located. In the synchro- 
nisation process the receiver must find out where each ^ 
separate symbol pertaining to the signal begins, and at what 
rate the signals succeed to each other. 

The present application pays special attention to the I -CO 
Global Communications satellite telephone system, which is 
based on ten communications satellites with a so-called ^ 
medium -high orbit (roughly 10,000 km). The satellites orbit 
the earth at regular intervals on two mutually perpendicular 
orbits with an inclination of 45°. Each satellite comprises an 
antenna arrangement with a power pattern of 121 narrow 
radiation lobes, which together cover the coverage area of ^ 
said satellite on earth. The coverage area means the whole 
area from which the satellite is seen more than 10 degrees 
above the horizon. The operational frequency range of the 
system is roughly 2 GHz, and it utilises TDMA, Time 
Division Multiple Access. 35 

As a concept, the system defines a so-called CCS carrier 
(Common Channel Signalling), which means a given carrier 
frequency reserved for signal acquisition, synchronisation 
and distribution of general communications information. 
Globally there are reserved 120 frequencies for CCS 40 
carriers, and these frequencies are further grouped into 
regional and local frequencies. When a certain satellite 
moves on its orbit, its coverage area moves along the surface 
of the earth. The satellite changes the transmitted CCS 
frequencies in between the separate radiation lobes, so that 45 
in a given geographic area, there are always received the 
same frequencies. A receiver located on earth or near the 
surface of the earth stores the eight location-connected local 
CCS frequencies to a non-volatile memory; consequently, 
when it is switched off and back on, it searches a signal from so 
among said eight frequencies. If a signal is not found, the 
receiver next studies the 40 regional frequencies, and if there 
still is no signal, finally all 120 global frequencies. 

According to FIG. 1, a transmission with each CCS 
frequency consists of several mulli frames 10, which are 55 
divided into 25 slots 11. Each slot includes 120 symbols 12. 
According to current definitions, the symbol rate in the 
system is 18,000 symbols per second, but it may be 
increased to 36,000 symbols per second in the future. The 
first slot in the frame comprises a BCCH (Broadcast Control 60 
Channel) burst 13, which is BPSK (Binary Phase Shift 
Keying) modulated and contains, among others, communi- 
cations data and a 32 symbols long reference sequence 14, 
which is important for synchronisation. The location and 
form of the reference sequence inside the BCCH burst will 65 
be essentially fixed and known. Two successive slots contain 
a FCH (Frequency Channel) burst 15, which is transmitted 
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with a somewhat lower frequency than the BCCH burst and 
consists of pure sinus wave at the frequency of said CCS 
carrier; the purpose of said FCH burst 15 is to aid the 
synchronisation of the receiver. Other slots in the CCS 
carrier are empty. 

For successful reception, the receiver must, after being 
switched on, first find the desired signal. General criteria for 
the signal to be found is that the timing error in the reception 
is ±Yi symbols at the most, and that the frequency error is no 
more than a few percentages of the symbol rate. The nearer 
to zero these two error factors are, the smaller the probability 
that bit errors happen in the reception, and the less the 
reception is sensitive to the deterioration of the SIN ratio. In 
the prior art, there are known several methods for treating, 
Le. scanning, a given number of frequencies in order to 
detect at what frequency or what frequencies transmission 
exists. As for the satellite telephone system discussed here, 
it has been generally suggested that the receiver observes the 
power profile in the frame scale with the found CCS 
frequency and assumes that the peak of the power profile 
corresponds to a BCCH burst. Thereafter the receiver picks 
a discrete sample series of the FCH burst and calculates 
therefrom a 128-sample long fast Fourier transform (FFT), 
the results of which are used in the coarse correction of 
frequency error. Detailed algorithms for carrying out frame 
synchronisation and eliminating frequency errors have not 
been given by the time of filing this application. 

SUMMARY OF THE INVENTION 

The object of the present invention is to introduce a 
method for signal acquisition, frame synchronisation and 
elimination of frequency errors in a multi-frequency com- 
munications system by utilising a transmission which is in 
advance arranged to a certain rhythmic pattern on a given 
control channel. Another object of the invention is to achieve 
a system which operates quickly and reliably in varying 
reception conditions and can adapt itself to changing con- 
ditions. 

These objects are achieved by means of a stepwise 
method which proceeds frequency by frequency, by record- 
ing a given length of the power profile mixed to the 
baseband of the nominal carrier frequency and filtered, and 
if a frame synchronisation is found in said recorded section, 
the frequency correction is calculated by using the Fourier 
transform on the basis of the frequency data part of the 
signal and by adjusting the synchronisation to be more 
accurate by searching a given signal part for the best 
correlation with a known reference form. 

The method according to the invention is characterised in 
that it comprises steps where 

radiation is received at a given frequency, 

in the received radiation, there is detected a first power 

peak and a second power peak, 
if the distance in time between said first and second power 
peaks is within the range [F-Pl, F+Pl], where F cor- 
responds to frame period and PI is a certain first error, 
there is made a preliminary decision that the signal is 
found, 

on the basis of the location in time of said first and second 
power peaks, a certain frame synchronisation point in 
time is defined, 

on the basis of said frame synchronisation point, said 
received radiation is searched for respective first and 
second parts corresponding to said reference sequence, 

by cross correlation with the known form of said refer- 
ence sequence, there is detected a location in time for 
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the best correlation corresponding to said first part in the frequency deviation is smaller than a given threshold 
relation to said frame synchronisation point, and a value, advantageously one percentage of the symbol rate, the 
location in time for the best correlation corresponding recorded sample sequence is accepted without corrections as 
to said second part in relation to said frame synchro- a basis for the next step in the method. If the frequency 
nisation point, and 5 deviation is larger than the threshold value mentioned above, 
if the location in time of the best correlation correspond- but smaller than a given second threshold value, advanc- 
ing to said first part differs from the location in time of geously 10 percentage of the symbol rate, the receiver 
the best correlation corresponding to said second part in compensates by calculatory means the phase rotation which 
relation to said frame synchronisation point no more was caused in the samples of the recorded sample sequence 
than for the quantity of a given second error, the final to owing to the frequency error. In another case, the receiver 
decision is that the signal is found. corrects the mixing frequency for the quantity of the fre- 
The method of the invention proceeds step by step. quency deviation and receives, mixes, niters and records two 
Samples are picked of received radiation on a given carrier new signal lengths, each of which comprises the reference 
frequency, mixed to the baseband and filtered, and each of sequence of one BCCH as well as additional 30 samples at 
said samples corresponds to one symbol as for duration. For 15 the beginning and end thereof. 

the estimation of the power profile, the receiver device In the last step of the method according to the invention, 

records complex samples for the length of two frames and which step relates to a certain carrier frequency, the found 

one slot and slides over them an estimation window having location of the frame synchronisation point is adjusted so 

the length of one slot Sliding is carried out in steps of one that the error is no more than +V£ symbols. Of each recorded 

symbol, and every step produces a sample value which is the 20 frame of the sample sequence, the receiver selects an area 

average of the single samples located in the window at each that extends, for the length of a given error margin, to both 

point of time. In mathematical terms it can be said that the directions from the earlier calculated frame synchronisation 

result of the estimation is a convolution of the sample point. In both frames, the estimation window of a given 

sequence and a unit function having the length of one slot, length is slided over the selected area, so that there are 

and this convolution is described with discrete values of the 25 obtained two separate sequences of estimate values. In each 

size of one symbol sequence, there is detected the highest value and calculated 

On the basis of the result from estimation, the receiver its distance from a nominal frame synchronisation point If 

selects two highest power values from both recorded the distances are equal or differ no more than for the length 

frames^resupposing that the two selected values are not of one symbol, the correct frame synchronisation point is 

located at immediately adjacent points of time, but there is 30 found. 

a certain distance in between. The significance of this IL, on the basis of the steps described above, the receiver 
distance and the realisation of the selection process are does not obtain an unambiguous synchronisation result, it 
explained in more detail below. If among the four chosen concludes that there is no transmission at the carrier (re- 
values there are found two with a mutual Hisi«ftrM» that quency in question, and continues searching at another 
corresponds to the frame length with sufficient accuracy, the 35 carrier frequency. According to the area by area frequency 
receiver maintains that it has found in the frame the location division explained above, the first and foremost frequencies 
of a regularly repeated high-power burst (in the above are those local frequencies that the receiver assumes to be 
mentioned CCS carrier mis means a BCCH burst). The used within its range of location. If a signal is not found, the 
found location is called the frame synchronisation point search proceeds first to regional and then to global frequen- 

Because the two detected power peaks according to the 40 cies. 

presumption correspond to the high-power burst that was When the receiver has, by means of the method according 

searched for, the receiver adjusts the automatic amplification to the invention, found a signal at a given frequency, the 

level to be such that the average obtained for said two power synchronisation proceeds to steps where the timing and 

peaks is equal to a nominal target value defined for the frequency errors are further corrected and the error caused 

reception. The receiver calculates the noise level as follows: 45 by phase rotation is diminished. An advantageous method 

it first sums up the power averages (power average- the sum for realising these steps is described in the Finnish patent 

of the power values located in the estimation window and application "Receiver synchronisation in idle mode", filed 

divided by the number of said values) corresponding to 25 simultaneously with the present application by the same 

successive non-overlapping locations of the estimation win- applicant, 

dow and subtracts from the obtained sum the values of the 50 

power peaks. When necessary, other similar methods for BRIEF DESCRIPTION OF THE DRAWING 

calculating the noise power can also be used. Moreover, the The invention is explained in more detail below, with 

receiver calculates the signal level by subtracting said noise reference to the preferred emb<>diments described by way of 

level from the average of said two power peaks. The signal example, and to the appended drawings, where 

to noise ratio isdefined as the quotient of the signal level and 55 nG t aiustrates a koawn ^vision in time of a transmis- 

e xr n °f?u eVe " ■ i 'a «u u • r.u • i. sion in a CCS carrier of the I-CO Global Communications 

Next the receiver decides, on the basis of the signal to OQfiB u:,<» «»i^u,™ 

. . ' satellite telephone system, 

noise ratio, whether more frequency data must be received - .„ ' \ . . . 

in order to estimate the frequency error. In a favourable na 2 lUu ? trates , tbe mcthod accordm g t0 tbc invcntl0n 

situation, the signal to noise ratio is sufficiently good, and 60 a scnemallc How chart » 

me receiver decides, on the basis of the detected high-power mG 3fl Pirates a sample sequence recorded in the 

burst, which part of the recorded sample sequence describes method of the invention and a window used in the estimation 

frequency data contained in the transmission, and calculates thereof, 

a discrete fast Fourier transform on the basis of this. The FIGS. 3b and 3c describe two different estimate sequences 

obtained result is a given frequency spectrum, where the 65 connected to the sample sequence of FIG. 3a, 

frequency point corresponding to the highest power value FIGS. 4a, 4b and 4c illustrate the steps of a more accurate 

describes a frequency deviation from a desired frequency. If frame synchronisation in the method of the invention, and 
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FIG. 5 is a block diagram of a radio receiver that can be burst has been in the estimation window. In practice noise 

used for realising the method of the invention. has accumulated in the signal while it has proceeded on the 

FIG. 1 was already discussed above, in the description of radio path, and the estimate sequence descriptor may look 

the prior art, so that below, in the description of the invention kirly irregular, as is the case in FIG. 3c. For the sake of 

and its preferred embodiments, mainly FIGS. 2-5 will be * clarity, in FIG. 3b the relative length of the broken lines 33 

referred to. and 34 is exaggerated in comparison with the length of the 

part 1-F or F+1 _2F corresponding to one frame in the 

DETAILED DESCRIPTION OF THE descriptor of the estimate sequence. 

INVENTION The estimates can be numbered for reference for instance 

FIG. 2 is a schematic flaw diagram describing how the 10 ^.f to . 2F ' F * *■ ^number of «tirnates corre- 

melhod according to the invention proceeds stepby step. If s P ond "« ,0 ° ne &am f 1 Now *» m ™ bets &oni 1 to F refer 

the fir* step 20, the receiver attempts a coarse frame «? ** fir ^ 6 * me ' «f *» """^ &om F + l «o 2F refer to 

synchronisation at a given carrier frequency by detecting 0,6 . se00Dd & * mc - In C0Mse fnme> ^hronisaaon, the 

local power peaks in the recorded sample sequence and by rccelver detecLs aocordln g to » preferred embodiment of the 

comparing their mutual location. In the decisionmaking 15 ^^™^^°f to ^^^^J^ e ? tim ^ 

step 21 the receiver checks whether the coarse frame syn a *^ l ^ e , re f er h J»* t ?"* «*?»« e ^ B loc *?d 

cmonisation has succeeded. If there is no receivable signal f^T*** * *»* M . ^ ^ ^ estUMte - ^ 

atthec^«nxqueiK 7 inque^n,men^syiKdnS cntica^ vahe W canbe for .nstance a distance correspond- 

tion fails and tl* receiver shifts to mode 22. where it selects „ Z^J^'T™'"^*? 

another carrier frequency. If the coarse frame synchronisa- 20 kast two of the thus obtained fondues correspond to the 

tion has succeeded; the method of the invention proceeds to two success, ve BCCH bursts, in which case 

step 23, where the receiver calculates the discrete Fourier lbe two other values are caused by noise, n* values 

transform by using as initial data such part of the recorded ""^^i? me power peaks mist be located at a 

sample sequence that contains frequency^ connected to „ distan f 5 «* FxFl SM ?*f ^."^ °<»*r. Most advanta- 

Qk carrier frequency in question. Toe number of the Fourier 25 ^YZ^ ^1 w^l ^ " B 1 * fined 

transforms tobe calculated depends on the signal to noise ^nmenUfly. because *e towerthc value of PI, the more 

ratio in a way that will be chained below. The step 24 of ,? curate, 5 r I»wer peaks mtst be purified irrespective of 

the method of the invention comprises an adjusted frame accumulated in the s^»L Re^ectrvely, the larger 

synchronisation, which makes use of the frequency correc- is PI, the easier ,t is to mterpret two estimate peaks caused 

tion rendered by the Fourier transforms, ^nd where the ™ bv , ^ ta \* **** m 

location of the frame synchronisaUon point is attempted to snuukdons.t has been fourKiout that an advan- 

be adjusted at the accuracy of half a symbol. In tbe decision- » mt T^ S T^ COr Z 

making step 25 the receiver cheeks whether the adjusted fP ond "« , to of 50 samples. VV^en selectmg the 

frame synchronisation has succeeded. If not, the result is a „ ta »"* vducs - " 15 «Jso possible to pick from both frames 

mode 26 similar to the mode 22-where a new carrier 35 one ' U,ree or S6Veral values m «** of magnitude, 

frequency is chosen. After successful adjusted frame For example in FIG. 3c, there are selected estimates 35, 

synchronisation, the receiver can start reception and tracking 36 ' 37 300 38 Estimate 39 is not chosen, although it 

in step 27. corresponds to a higher power value than estimate 36, 

u . „ . , . , .. . ,. . , . because it is located at a distance less than ±P1 from the 

Next we shall describe in more detail the realisation of the « , . . <» c . t _ _ . 

... . . . . _ , .... c largest estimate 35 of tbe first frame. Thereafter the distances 

steps illustrated in FIG. 2, and concentrate, by way of . * ... „..__, . ~. rr~T^ 

, . ..." /.. between the selected estimates 35-38 are compared in order 

example, particularly in features characteristic of the I-CO , . , _ . . , , ... *\ , , . 

„. . , A . i . .... . , . . , to detect whether there is found a pair with a mutual distance 

Global Communications satellite telephone system. FIG. 3a .... ,. „,„..„ . 

« ........ , , v . within the range (F-Pl; F+Pl), borders included. In the case 

is a schematic illustration of a sample sequence 30, received , ™„ - ., 6 v .. . j -.o c . . , . 

and stored by the receiver device, with a length of two 45 0t ™ ^ 35 mA 3 ? fonn such a parr. In the 

frames and one slot, in which sequence the sampling ratio is for ^ ^ B gP f ne ,, ally apphed ' ^ "'^ 

t/1 . . . M i ... which can be for instance as follows: 
171, i.e. the sequence contains as many samples as two 

frames and one slot contain symbols. The detailed creation first "l ere m compared the highest values of both 

of the samples will be dealt with later on. The sample received frames; 

sequence is essentially a series of measured values of 50 xbcD me highest value of the first frame is compared with 

received radio power, and its composition is affected both by me second highest value of the second frame; 

received transmission and noise. next the second highest value of the first frame is com- 

FIG. 3a also illustrates an estimation window 31, the P*^ tbe highest value of the second frame; 
length whereof is advantageously equal to the length of one next the second highest value of the first frame is corn- 
slot (here 120 symbols), and which is slided past the sample 55 P ared with the second highest value of the second 
sequence 30 at one-symbol -long steps. The obtained result is frame; 

a number sequence 32, which here is called an estimate then the highest and second highest values of the first 

sequence and which contains as many estimates as there are frame are compared with each other, and 

symbols in two frames, but each estimate is an average of finally the highest and second highest values of the second 

120 successive samples (assuming that one slot contains 120 60 frame are compared with each other, 

symbols). If tbe received sample sequence 30 would only If one of the steps in this order of comparison produces a 

contain received signal, with a one-slot-long BCCH burst pair where the distance between the estimates meets the 

and a successive lower power, two-slot-long FCH burst, the above mentioned requirement, it is not necessary to go 

descriptor of the estimate sequence would consist of two through the rest of the steps. In the case of FIG. 3c, the 

bulges 33 and 34 formed of broken lines as illustrated in 65 receiver selects the average of the locations of estimates 35 

FIG. 3fc. Tbe power peak with both broken lines 33 and 34 and 38 as a so-called frame synchronisation point, 

is the estimate during the formation whereof a whole BCCH Moreover, the receiver calculates the average of the recep- 
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tion power indicated by these two estimates and adjusts the In table 1 it is seen that with the value 30 of P2, good 
automatic gain control (AGC), included in the receiver results are obtained even when the signal to noise ratio falls 
circuits in a known fashion, so that the average of said somewhat below 0 dB, and hence the value P2-30 is used 
reception power, as amplified by the determined gain in the following. Now the receiver reads, for calculating 
control, gives a certain nominal power as a result. The 5 frequency correction, 180 samples starting with the memory 
receiver further calculates the signal power, noise power and location explained above, and another set of 180 samples 
the signal to noise ratio according to the procedure described starting one frame length further. The discrete Fourier trans- 
above, or according to some other suitable calculation form used in the calculation of frequency correction can in 
method. known circuit arrangements be carried out with 128 or 256 
Table 1 illustrates results from a cakulatory simulation, to samples; thus the alternatives are either to further eliminate 
where to the signal there is fed additive white gaussian noise read samples, so that only 128 samples remain from each 
(AWGN) in amounts that correspond to various signal to sequence, or to use padding as the rest of the values in the 
noise ratios (S/N); it is examined how large is the percentage 256-sample Fourier transform. Simulation has shown that 
of all attempts where the signal frame synchronisation is the latter alternative, i.e. adding zeroes to serve as samples 
missed or false. For the distance PI there is used value 50, 15 181-256 gives better results. 

and for the distance P2 — describing bow far from the real The receiver calculates the Fourier transform separately 
frame synchronisation point the calculated frame synchro- for both FCH sample sequences read from the memory. In 
ntsation point is allowed to be, for the frame synchronisation simulation it has been found out that when the signal to noise 
to be considered successful — there are used values 50 and ratio is below 0 dB, the reliability of frequency correction 
30. 20 can be remarkably improved by receiving and mixing to 
The distance P2 is significant in step 23 of the method baseband yet one additional sample sequence, from which 
according to the invention, in which step the receiver there are read the 180 samples corresponding to a FCH burst 
calculates the frequency correction by utilising the fre- in similar fashion as was described above, in relation to 
quency data contained in the received signal. If the error in earlier recorded sample sequences. For the third sample 
the frame synchronisation point is no more than P2 symbols 25 sequence, there is likewise calculated a separate Fourier 
and the frequency data is included, in a known fashion, to a transform, as above. Respectively, in particularly good corn- 
given received symbol sequence, it is recommendable to mumcation conditions, even one Fourier transform may 
ignore P2 symbols at both ends of the sequence. Frequency suffice. If more than one Fourier transforms are calculated, 
correction is calculated from the received samples and not they are averaged frequency component by component in 
from the estimates, because estimation destroys frequency 30 order to reduce the effect of random errors. Moreover, the 
data. The receiver has recorded in the memory samples from results of Fourier transforms can be slidably averaged by 
two frames and one slot, altogether 6120 samples. It can be two, in order to bring out more clearly than before the FCH 
assumed that among these, the first is located in memory frequency possibly distributed evenly to adjacent frequency 
address E, and the calculated address of the frame synchro- components, but this did not appear to be remarkably usefull 
nisation point is at a distance of D symbols from the 35 in connection with the 256-sample Fourier transform, 
beginning of the recorded sequence. Now the address of a As was maintained above, in the calculation of frequency 
first memory location where from there is read a sample for correction there can be used Fourier transforms calculated 
calculating the frequency correction is E+D+the length of from one, two or three FCH bursts. The values of the signal 
one slot (i.e. 120)+error margin P2. In a case where the to noise ratio, on the basis of which values the receiver 
calculated frame synchronisation point is very near to the 40 decides the number of the Fourier transforms to be defined, 
middle of the sample sequence recorded in the memory (the is most advantageously found by experimenting, but one 
distance of the frame synchronisation point from the begin- suggestion was given, by way of example, in table 2. The 
ning of the stored sample sequence is larger than the frame AWGN channel means a channel where the influence of 
length minus the length of one slot), it can be concluded that multipath transmission propagation is oot significant, but the 
in fact there is one FCH burst already at the beginning of the 45 interference is mainly due to gaussian noise. In the Rice an 
sample sequence. Now reading is started at a memory type channel, multipath transmission propagation is a 
location with an address E+D+the length of one slot (i.e. remarkable interference factor. 

120)+error margin P2 — the length of one frame (i.e. 3,000). The result from the Fourier transform ana* possible aver- 

Because the length of one FCH burst is 240 symbols, for aging is a discrete frequency spectrum from -9 kHz to 9 

calculating the frequency correction, there is read 240- 50 kHz. The receiver detects in the spectrum the frequency 

(2*P2) samples starting from the initial memory location. component with the highest power value. This frequency 

Because the recorded sample sequence is two frames long, represents the frequency deviation between the real FCH 

it also contains another FCH burst, the reading whereof is frequency and the frequency used in the baseband mixing. If 

started one frame length later. the deviation is less than one percentage of the symbol rate, 

In the method according to the invention one memory 55 the calculation can be continued on the basis of recorded 

location corresponds to one sample, and thus to one symbol samples without calculatory corrections. The limit of one 

(when the sampling ratio is 1/1); therefore it is obvious for percent is defined through experimentation, and it can be 

a man skilled in the art that distances between samples can replaced with some other critical value. If the deviation is 

be treated as time units as well as memory addresses. The within the range of l%~10% of the symbol rate, the receiver 

distance in time of two samples is the same as the difference 60 calculates the resulting phase error per symbol in radians by 

of the respective memory addresses multiplied by the known multiplying the frequency deviation with 2ji and by dividing 

duration of one symbol. The same applies for the above the obtained product by the symbol rate. Thus the phase 

mentioned estimates. If the receiver device deals with the error contained in the recorded symbols and caused by the 

memory locations in other than direct successive order, this frequency deviation can be corrected by calculatory means, 

must be taken into account, when the distances between 65 Also the 10 percent limit is found by experimentation and 

memory locations are transformed to distances in time or can be replaced by some other critical value. Information 

vice versa. contained in samples recorded with larger deviations is, 
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owing to erroneous mixing frequency, too distorted for 
further processing, wherefore the receiver must correct the 
mixing frequency (by subtracting from the original mixing 
frequency the frequency deviation given by the Fourier 
spectrum) and receive, mix and record a number of samples 
corresponding to two new reference sequences of the BCCH 
burst Owing to the error margin observed in the calculation 
of the frame synchronisation point, new data must be 
recorded for the amount of P2 samples in addition to the 
reference sequences of the assumed BCCH bursts, both at 
the beginning and end of said bursts. 

In step 24 of the invention, the receiver tries to reduce the 
synchronisation error from P2 (30 symbols) to the required 
±V6 symbols, by searching in the recorded BCCH bursts a 
point which best correlates with the known reference 
sequence. As was maintained above, in the description of the 
prior art, the reference sequence is a certain 32 symbols long 
repeated symbol sequence with a known location within the 
BCCH burst Hie correct form of the reference sequence is 
stored, as a 32 symbols long sequence, in the non-volatile 
memory of the receiver. Irrespective of whether the receiver 
uses samples that were recorded earlier or has received new 
samples after frequency correction, it detects, on the basis of 
the known location of the calculated frame synchronisation 
point and the reference sequence, the assumed starting point 
of the reference sequence in each BCCH burst In FIGS. 
4a~4c, part of the sample sequence is represented as a line 
40, and the assumed starting point of the reference sequence 
is represented as an arrow 41. 

Because the error margin of the calculated frame syn- 
chronisation point still is ±P2 symbols, the correlation 
comparison is started, according to FIG. 4a, from sample 42, 
which is located at P2 symbols before the assumed starting 
point 41 of the reference sequence. In the first correlation 
step, the receiver multiplies, according to FIG. 4a, this 35 
complex sample 42 with the first symbol 43a of the known 
reference sequence 43, the next sample with the next symbol 
of the known reference sequence, and so on throughout the 
whole length of the known reference sequence. The obtained 
complex products are added up, and the power of this sum 
is calculated and stored. In the next correlation step, the 
known reference sequence is shifted, according to FIG. 4b, 
one symbol length further in relation to the sample sequence 
40, and the same multiplication, addition and power calcu- 
lation procedure is repeated. The same procedure is applied 
as far as sample 44, which according to FIG. 4c is located 
at P2 symbols after the assumed starting point of the 
reference sequence. The obtained result is 2*P2+1 power 
values, which describe the correlation of the known refer- 
ence sequence with the received sample sequence at ±P2 50 
symbols on both sides of the assumed starting point of the 
reference sequence. 

The correlation calculations according to FIGS. 4a-4c are 
carried out separately for both observed BCCH bursts. For 
both bursts, the highest of the obtained power values cor- 
responds to that point in the sample sequence 40 where a 
sequence of 32 successive samples best corresponds to a 
known reference sequence. The distance of this point from 
the earlier calculated nominal starting point of the reference 
sequence should be identical in both observed BCCH bursts. 
If the difference of the distances calculated on the basis of 
separate bursts is -1, 0 or 1 symbol, it can be assumed that 
the correct location of the reference sequence is found. The 
value 0 of the difference naturally means that a sequence 
with the highest power value is found in both bursts at 
exactly the same point with respect to the calculated frame 
synchronisation point. The difference -1 or 1 corresponds to 
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a situation where the locations of the reference sequence 
calculated on the basis of separate BCCH bursts differ for 
one symbol to either direction. This may be due to the fact 
that in the A/D conversion, connected to the processing of 
the received signal in a known fashion, the border of the 
digital sampling window falls very near to the middle of a 
received real symbol, in which case incidental error factors 
define to which side of the border of said sampling window 
the power used for transmitting said real symbol is predomi- 
nantly directed. 

If the difference of the values describing the distance 
between the real and nominal location of the reference 
sequence, calculated from the BCCH bursts, has an absolute 
value larger than or equal to 2 symbols, the frame synchro- 
nisation has failed. The reason in the background can be one 
of the following: 

the studied frequency does not, after all, carry a real 
signal, but an erroneous decision was made in earlier 
coarse frame synchronisation, 

the previously calculated frame synchronisation point is 
located further than at P2 symbols from the real frame 
synchronisation point, 

the frequency correction calculated by means of the 
Fourier transforms was wrong, or 

the symbol synchronisation calculation based on the ref- 
erence sequence has failed. 

Among these, the most probable is the first alternative. 

In the above specification, we have mainly discussed a 
preferred embodiment of the method according to the 
invention, but it is obvious for a man skilled in the art that 
modifications and additions can be made thereto without 
departing neither from the inventional idea introduced in this 
application, nor from the scope of the claims enlisted below. 
One possibility for modification is connected to the power 
peak values chosen in the coarse frame synchronisation (step 
20 in FIG. 2) and their treatment In favourable reception 
conditions, there can be used a so-called single shot 
acquisition, where the receiver records a sample sequence 
having the length of one frame +one slot only, and calculates 
the estimates on the basis of that according to the procedure 
described above. The estimate corresponding to the highest 
power value is chosen as the frame synchronisation point, 
and by means of that, there is detected a nominal starting 
point for the FCH burst; starting from this (subtracted by the 
safety margin P2), the frequency samples are read in order 
to calculate the Fourier transform. If the calculated fre- 
quency error proves out to be larger than one percent of the 
symbol rate, the receiver corrects the mixing frequency and 
receives a new BCCH burst. Thereafter the receiver calcu- 
lates from the frame synchronisation point the starting point 
of the reference sequence and detects a more accurate frame 
synchronisation by studying the correlation of successive 
symbol sequences with the known reference sequence. The 
single shot acquisition saves some time and signal process- 
ing capacity, if the reception conditions are sufficiently 
good. If the receiver first attempts a single shot acquisition, 
but then decides that the signal to noise ratio is too bad, it 
must receive, filter, mix and record new sample sequences, 
which means that there is used more time than if at least two 
bursts were used as the basis for calculations already in the 
first attempt. 

In coarse frame synchronisation, the target of observation 
can also be some other amount of power peak values than 
the above mentioned two values per frame. From the two 
frames long estimate sequence, the receiver can select nearly 
any number of peak values and use any combination in order 
to find a pair where the mutual order of the values 
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corresponds, with desired accuracy, to the length of one 
frame. It is, however, pointed out that the larger the group of 
values that is chosen as the starting point in the selection of 
the frame synchronisation point, the higher the probability 
that some sudden power peak caused by noise is erroneously 5 
interpreted as a BCCH burst 

When the more refined frame synchronisation (step 24 in 
FIG. 2) gives the calculated location of the reference 
sequence in successive bursts, so that the difference is one 
symbol to one direction or the other, the underlying ambi- 10 
guity caused by the sampling technique can be clarified by 
many different ways. For example, the receiver can first 
process side by side two different signals synchronised 
according to different frame synchronisation points, where- 
after that frame synchronisation point which gives better 15 
results is chosen as the final point Another alternative is to 
shift the above mentioned digital sampling window forward 
or backward for half a symbol and then to study whether this 
improves the signal quality. If the shift took place in a wrong 
direction, the frame synchronisation point is shifted to the 20 
opposite direction for the length of one whole symbol. 

Next we shall describe an exemplary radio receiver that 
can be used for realising the method according to the 
invention. FIG. 5 illustrates in block diagram a radio 
receiver SO, where the radio frequency and intermediate 25 
frequency parts represent the state of the art and are illus- 
trated as one block 51 only. The intermediate frequency part 
produces at its output a signal which is mixed to baseband 
in the downconveision block 52, which essentially contains 
an A/D converter and a digital mixer (not illustrated sepa- 30 
rately in the drawing). In the downconversion, there is 
advantageously applied eightfold oversampling, so that the 
output of block 52 contains an eightfold number of samples 
as compared to the known symbol rate of the signal The 
blocks 53 and 54 comprise underpass filtering and decima- 35 
tion parts, which remove interfering frequencies from the 
signal and reduce oversampling, until there is only one 
sample per symbol left in the signal. The frame synchroni- 
sation block 55 comprises parts corresponding to the above 
(in FIG. 2) described steps 20, 21, 24 and 25, which parts 40 
implement the frame synchronisation. The clock block 56 
controls the synchronisation of the operation and for 
instance counts received symbols, even when they are not 
properly processed owing to the time used in the synchro- 
nisation process, so that the location of the frame synchro- 45 
nisation point after detection is up to date in relation to the 
received signal stream, irrespective of the length of time 
used in the frame synchronisation. 

The clock block 56 also gives the synchronisation data for 
the windowing block 57, which determines which samples 50 
arc selected as the basis for calculating the Fourier trans- 
forms. The block 58 calculates the Fourier transforms (FFT) 
proper, and on the basis of the obtained results, the mixing 
frequency in block 59 is adjusted. The formation of the 
mixing frequency is part of the channel selection, which is 55 
controlled by the control block CTRL of the whole system 
by intermediation of the channel selection block 60. The 
signal to be demodulated is picked, after finding the frame 
synchronisation, from between the decimation block 54 and 
the frame synchronisation block 55. Because the signal 60 
processing operations illustrated in FIG. 5 are directed to the 
digital signal following the A/D conversion after the 
downconversion, they are advantageously realised as pro- 
grammatic processes carried out by a digital signal processor 
(DSP). DSP programming and the planning of the processes 65 
corresponding to the blocks of FIG. 5 both represent prior art 
technology known as such for a man skilled in the art. 
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The method according to the invention introduces a quick 
and reliable way for signal acquisition in a system where the 
receiver must find the signal from a group of several 
frequencies and synchronise to the signal by means of the 
rhythmic pattern of the transmission in a known control 
channel. The method requires that only about 6.000 samples 
are recorded for processing, which does not set inordinate 
demands for the equipment The method according to the 
invention is also easily suited for various different reception 
environments, because the number of recorded and treated 
signal frames can be varied according to the prevailing 
signal to noise ratio. 
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What is claimed is: 

1. A method for acquiring a signal in a receiver, the signal 
being contained in a given channel and comprising: 

a control burst (13) repeated at regular intervals within a 
given frame period (10), which burst contains a refer- 
ence sequence (14) with a predetermined form, and 

a frequency data part (15) having a lower power level than 
the control burst, the method comprising steps wherein 

there is received radiation at a certain frequency, 

in the received radiation, there is detected (20) a first 
power peak (35) and a second power peak (38), 

if the mutual difference in time of said first and second 
power peaks is within the range {F-Pl, F+Pl}, where 
F corresponds to said frame period and PI is a certain 
first error, there is made a preliminary decision (21) that 
the signal is found, 

there is defined (24), on the basis of the location in time 
of said first and second power peaks, a given frame 
synchronization point in time, 

on the basis of said frame synchronization point, in the 
received radiation there is detected a first and second 
part corresponding to said reference sequence (43), 

there is detected, by the method of cross correlation with 
the known form of said reference sequence, the location 
in time of the best correlation corresponding to said 
first part, in relation to said frame synchronization 
point, and the location in time of the best correlation 
corresponding to said second part, in relation to said 
frame synchronization point, and 

if the location in time of the best correlation correspond- 
ing to said first part differs from the location in time of 
the best correlation corresponding to said second part in 
relation to said frame synchronization point no more 
than for the length of a given second error, there is 
made a final decision (25) that the signal is found. 
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2. A method for acquiring a signal in a receiver, the signal 
being contained in a given channel and comprising: 

a control burst (13) repeated at regular intervals within a 
given frame period (10), which burst contains a refer- 
ence sequence (14) with a predetermined form, and 

a frequency data part (15) having a lower power level than 
the control burst, the method comprising steps wherein 

there is received radiation at a certain frequency, 

in the received radiation, there is detected (20) a first 
power peak (35) and a second power peak (38), 

if the mutual difference in time of said first and second 
power peaks is within the range {F-Pl, F+Pl}, where 
F corresponds to said frame period and PI is a certain 
first error, there is made a preliminary decision (21) that 
the signal is found, 

there is defined (24), on the basis of the location in time 
of said first and second power peaks, a given frame 
synchronization point in time, 

on the basis of said frame synchronization point, in the 
received radiation there is detected a first and second 
part corresponding to said reference sequence (43), 

there is detected, by the method of cross correlation with 
the known form of said reference sequence, the location 
in time of the best correlation corresponding to said 
first part, in relation to said frame synchronization 
point, and the location in time of the best correlation 
corresponding to said second part, in relation to said 
frame synchronization point, 

if the location in time of the best correlation correspond- 
ing to said first part differs from the location in time of 
the best correlation corresponding to said second part in 
relation to said frame synchronization point no more 
than for the length of a given second error, there is 
made a final decision (25) that the signal is found, 

on the basis of the location in time of said frame syn- 
chronization point, in the received radiation there also 
is detected a third part corresponding to said frequency 
data part (15% and on the basis of the contents of the 
third part, there is defined (23), on the basis of the 
contents of said third part, the frequency error between 
the frequency used in the reception and the real fre- 
quency of the signal. 

3. A method according to claim 2, wherein on the basis of 45 
the location in time of said frame synchronization point, in 
the received radiation there also is detected a fourth part 
corresponding to said frequency data part, and on the basis 
of the contents of said third and fourth parts, mere is defined 
the frequency error between the frequency used in the SO 
reception and the real frequency of the signal. 

4. A method for acquiring a signal in a receiver, the signal 
being contained in a given channel and comprising: 

a control burst (13) repeated at regular intervals within a 
given frame period (10), which burst contains a refer- 
ence sequence (14) with a predetermined form, and 

a frequency data part (15) having a lower power level than 
the control burst, the method comprising steps wherein 

there is received radiation at a certain frequency, 

in the received radiation, there is detected (20) a first 
power peak (35) and a second power peak (38), 

if the mutual difference in time of said first and second 
power peaks is within the range {F-Pl, F+Pl}, where 
F corresponds to said frame period and PI is a certain 
first error, there is made a preliminary decision (21) that 
the signal is found, 
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there is defined (24), on the basis of the location in time 
of said first and second power peaks, a given frame 
synchronization point in time, 

on the basis of said frame synchronization point, in the 
received radiation there is detected a first and second 
part corresponding to said reference sequence (43), 

there is detected, by the method of cross correlation with 
the known form of said reference sequence, the location 
in time of the best correlation corresponding to said 
first part, in relation to said frame synchronization 
point, and the location in time of the best correlation 
corresponding to said second part, in relation to said 
frame synchronization point, 

if the location in time of the best correlation correspond- 
ing to said first part differs from the location in time of 
the best correlation corresponding to said second part in 
relation to said frame synchronization point no more 
than for the length of a given second error, there is 
made a final decision (25) that the signal is found, and 

in order to detect said first and second power peaks, the 
received radiation is searched for at least four power 
peaks (35, 36, 37, 38), and it is required that among 
these, no two power peaks are closer to each other in 
time than a given first marginal value (PI). 

5. A method according to claim 4 wherein said first 
marginal value is the same as said first error (PI). 

6. A method for acquiring a signal in a receiver, the signal 
being contained in a given channel and comprising: 

a control burst (13) repeated at regular intervals within a 
given frame period (10), which burst contains a refer- 
ence sequence (14) with a predetermined form, and 

a frequency data part (15) having a lower power level than 
the control burst, the method comprising steps wherein 

there is received radiation at a certain frequency, 

in the received radiation, there is detected (20) a first 
power peak (35) and a second power peak (38), 

if the mutual difference in time of said first and second 
power peaks is within the range {F-Pl, F+Pl}, where 
F corresponds to said frame period and PI is a certain 
first error, there is made a preliminary decision (21) that 
the signal is found, 

there is defined (24), on the basis of the location in time 
of said first and second power peaks, a given frame 
synchronization point in time, 

on the basis of said frame synchronization point, in the 
received radiation there is detected a first and second 
part corresponding to said reference sequence (43), 

there is detected, by the method of cross correlation with 
the known form of said reference sequence, the location 
in time of the best correlation corresponding to said 
first part, in relation to said frame synchronization 
point, and the location in time of the best correlation 
corresponding to said second part, in relation to said 
frame synchronization point, 

if the location in time of the best correlation correspond- 
ing to said first part differs from the location in time of 
the best correlation corresponding to said second part in 
relation to said frame synchronization point no more 
than for the length of a given second error, there is 
made a final decision (25) that the signal is found, and 

said frame period also is divided to a predetermined 
number of slots (11) with a standard length, and said 
control burst (13) has the length of one slot, wherein for 
the foregoing steps, there is received, filtered, mixed to 
baseband and recorded in the form of samples a 
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sequence of radiation which essentially has the length 
of two frame periods and one slot 

7. A method according to claim 6, wherein in order to 
search for said first and second power peaks in the recorded 
data, there is calculated a number of estimates (32), of which 
each estimate is a sliding power average of N successive 
samples, where N is the number of samples recorded per one 
slot, and said number of estimates is divided into estimates 
calculated from the first frame period and estimates calcu- 
lated from the second frame period, in which case said first 
and second power peak are chosen so that 

among the estimates calculated from the first frame 
period, there is chosen the largest estimate (35) and 
such next largest estimate (36), the distance of winch 
from the largest estimate is longer than said first error 

(MX 

among the estimates calculated from the second frame 
period, there is chosen the largest estimate (38) and 
such next largest estimate (37), the distance of which 
from the largest estimate is longer than said first error, 

among the chosen four estimates, there are selected two 
such estimates (35, 38) the mutual difference in time of 
which falls within the range {F-Pl, F+Pl}. 

8. A method according to claim 7, wherein in order to 
select said two estimates, the mutual difference in time of 
which falls within the range {F-Pl, F+Pl}, said four chosen 
estimates are compared pair by pair in the following order 

the largest estimate calculated from the first frame period 
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if said correction frequency is higher than a given first 
critical value, there is formed a new mixing frequency 
for mixing the signal to baseband by subtracting said 
correction frequency from the old mixing frequency, 
and 

if said correction frequency is lower than said first critical 
value but higher than a second critical value, at least 
part of the samples contained in the recorded sample 
sequence are corrected by a phase correction which is 
comparable to said correction frequency. 
U- A method according to claim 10 wherein in accor- 
dance to uncertainty in the location in time of said frame 
synchronization point, there is set another given marginal 
value (P2), and in order to read said frequency sample 
sequences 

the nominated beginning and end of the frequency data 
part in the recorded sample sequence are defined by 
calculating from said frame synchronization point, 
the reading of each frequency sample sequence is started 
at a point of the recorded sample sequence which 
equals to the nominal beginning of said frequency data 
part added by said second marginal value, and 
the reading of each frequency sample sequence is stopped 
at a point in the recorded sample sequence which 
equals to the nominal end of said frequency data part as 
subtracted by said second marginal value. 
12. A method according to claim 9, wherein if said signal 
to noise ratio is detected to be lower than a given first 



and the largest estimate calculated from the second 30 threshold value but higher than another given threshold 



frame period, and next if necessary 

the largest estimate calculated from the first frame period 
and the second largest estimate calculated from the 
second frame period, and next if necessary 

the second largest estimate calculated from the first frame 
period and the largest estimate calculated from the 
second frame period, and next if necessary 

the second largest estimate calculated from the first frame 
period and the second largest estimate calculated from 
the second frame period, and next if necessary 

the largest and second largest estimate calculated from the 
first frame period, and next if necessary 

the largest and second largest estimate calculated from the 
second frame period. 

9. A method according to claim 6, wherein there also is 
defined a signal to noise ratio by calculating 

the noise level by defining a power average for the 
single-slot sample sequences and by subtracting there- 
from the sum of said first and second power peak, 

the signal level by dividing the power sum of said first and 
second power peaks by two, and 

the signal to noise ratio by dividing said signal level by 
said noise level. 

10. A method according to claim 9, wherein if said signal 
to noise ratio is found to be higher than a given first 
threshold value, 

from a recorded sample sequence corresponding to the 
length of two frame periods, there is read a first 
frequency sample sequence corresponding to one sepa- 
rate frequency data part, 

on the basis of said first frequency sample sequence, there 
is calculated a first Fourier transform, 

from the obtained Fourier transform, there is selected a 
frequency corresponding to the frequency component 
with the highest power to be the correction frequency, 
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value, 

from the recorded sample sequence corresponding to two 
frame periods, there are read a first frequency sample 
sequence and a second frequency sample sequence 
corresponding to a separate frequency data part, 

on the basis of said first frequency sample sequence, there 
is calculated a first Fourier transform, and on the basis 
of said second frequency sample sequence a second 
Fourier transform, 

there is calculated an average of the powers of said first 
and second Fourier transform, 

from the obtained average, there is selected a frequency 
corresponding to the frequency component with the 
highest power as the correction frequency, 

if said correction frequency is higher than a given first 
critical value, there is formed a new mixing frequency 
for mixing the signal to baseband by subtracting said 
correction frequency from the old mixing frequency, 
and 

if said correction frequency is lower than said first critical 
value, but higher than another given critical value, at 
least part of the samples in the recorded sample 
sequence are corrected by phase correction, which is 
proportional to said correction frequency. 

13. A method according to claim 9, wherein if said signal 
to noise ratio is detected to be lower than another given 
threshold value, 

there is received, filtered, mixed to baseband and recorded 
as samples, in addition to the already recorded sample 
sequence, a radiation sequence essentially correspond- 
ing to the frequency data part of the third frame period, 

from the recorded sample sequences, there are read a first 
frequency sample sequence, a second frequency sample 
sequence and a third frequency sample sequence cor- 
responding to three separate frequency data parts 
respectively, 
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on the basis of said first frequency sample sequence, there 
is calculated a first Fourier transform, on the basis of 
said second frequency sample sequence, there is cal- 
culated a second Fourier transform and on the basis of 
said third frequency sample sequence, a third Fourier 
transform, 

an average of said first, second and third Fourier trans- 
forms is calculated by each frequency component, 

from the obtained average, there is selected a frequency 
corresponding to the frequency component with the 
highest power as the correction frequency, 

if said correction frequency is higher than a given first 
critical value, there is formed a new mixing frequency 
for mixing the signal to baseband by subtracting said 
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correction frequency from the old mixing frequency, 15 mclhod comprising steps of: 



if the location in time of said part corresponding to said 
reference sequence, defined on the basis of correlation 
in content, in relation to said frame synchronization 
point, differs from the nominal location in time calcu- 
lated for the reference sequence with respect to said 
frame synchronization point no more than for the 
length of a given another error, it is concluded that the 
signal is found 
15. A method for acquiring a signal in a receiver, the 
signal being contained in a given channel and comprising a 
burst portion repeated at regular intervals within a given 
frame period, the burst portion containing a reference 
sequence having a predetermined form, wherein the signal 
further comprises a frequency data part having a lower 
power level than a power level of the burst portion, the 



and 

if said correction frequency is lower than said first critical 
value, but larger than a given second critical value, at 
least part of the samples contained in the recorded 20 
sample sequence are corrected by phase correction, 
which is proportional to said correction frequency. 
14. A method for acquiring a signal in a receiver, which 
signal is contained in a given channel and includes a control 
burst repeated at regular intervals with the length of a given 25 
frame period, the control burst containing a reference 
sequence with a predetermined form, as well as a frequency 
data part with a lower power value than the control burst, 
wherein the method comprises the following steps, where 
there is received radiation at a given frequency, 
in the received radiation, there is detected a power peak 

describing the highest received power, 
on the basis of the location in time of said power peak, 
there is defined a frame synchronization point in time, 
on the basis of correlation in content, in said received 
radiation there is detected the part corresponding to 
said reference sequence, and 
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receiving radiation at a specific frequency; 
detecting in the received radiation a plurality of power 
peaks by an estimation process, said estimation process 
including an obtaining of a set of samples of the signal 
over an interval of time greater than the interval of two 
frames of the signal, and examining the sample 
sequence with a sliding estimation window having a 
time duration of one slot of a frame of the signal; 
selecting from the power peaks a first power peak and a 
second power peak spaced apart by a time distance 
equal to the duration of said frame phis an error having 
a value less than a predetermined error; 
defining, on the basis of a location in time of said first and 
second power peaks, a given frame synchronization 
point in time; 

on the basis of said frame synchronization point, finding 
in the received radiation the frequency data part of said 
reference sequence; and 

determining the frequency of the radiation from the 
frequency data part. 



USPTO TO PROVIDE ELECTRONIC ACCESS TO CITED U.S. 
PATENT REFERENCES WITH OFFICE ACTIONS AND CEASE 

SUPPLYING PAPER COPIES 

In support of its 21 s * Century Strategic Plan goal of increased patent e-Government, beginning in 
June 2004, the United States Patent and Trademark Office (Office or USPTO) will begin the phase- 
in of its E-Patent Reference program and hence will: (1) provide downloading capability of the 
U.S. patents and U.S. patent application publications cited in Office actions via the E-Patent 
Reference feature of the Office's Patent Application Information Retrieval (PAIR) system; and (2) 
cease mailing paper copies of U.S. patents and U.S. patent application publications with 
Office actions (in applications and during reexamination proceedings) except for citations made 
during the international stage of an international application under the Patent Cooperation Treaty 
(PCT). In order to use the new E-Patent Reference feature applicants must: (1 ) obtain a digital 
certificate and software from the Office; (2) obtain a customer number from the Office; and (3) 
properly associate patent applications with the customer number. Alternatively, copies of all U.S. 
patents and patent application publications can be accessed without a digital certificate from the 
USPTO web site, from the USPTO Office of Public Records, and from commercial sources. The 
Office will continue the practice of supplying paper copies of foreign patent documents and non- 
patent literature with Office actions. Paper copies of cited references will continue to be provided 
by the USPTO for international applications during the international stage. 

Schedule 

June 2004 TCs 1600, 1700, 2800 and 2900 

July 2004 TCs 3600 and 3700 

August 2004 TCs 2 1 00 and 2600 

All U.S. patents and U.S. patent application publications are available on the USPTO web site. 
However, a simple system for downloading the cited U.S. patents and patent application 
publications has been established for applicants, called the E-Patent Reference system. As E-Palent 
Reference and Private PAIR require participating applicants to have a customer number, retrieval 
software and a digital certificate, all applicants are strongly encouraged to contact the Patent 
Electronic Business Center to acquire these items. To be ready to use this system by June 1 , 2004, 
contact the Patent EBC as soon as possible by phone at 866-217-9197 (toll-free), 703-305-3028 or 
703-308-6845 or electronically via the Internet at ebc(5).uspto.eov . 

Other Options 

The E-Patent Reference function requires the applicant to use the secure Private PAIR system, 
which establishes confidential communications with the applicant. Applicants using this facility 
must receive a digital certificate, as described above. Other options for obtaining patents which do 
not require the digital certificate include the USPTO's free Patents on the Web program 
(hup://www.uspto.gov/patiVindex.html). The USPTO s Office of Public Records also supplies 
copies of patents for a fee ( hup://ebi/.l ■usnto.gov/oems25p/index html) . Commercial sources also 
provide U.S. patents and patent application publications. 

For complete instructions see the Official Gazette Notice. USPTO TO PROVIDE ELECTRONIC ACCESS TO CITED 
US. PATEN IK El- ER ENCES WITH OFFICE ACTIONS AND CEASE SUPPLYING PAPER COPIES, on ihc 
USPTO web site. 



NOTICE OF OFFICE PLAN TO CEASE SUPPLYING COPIES OF CITED U.S. PATENT 
REFERENCES WITH OFFICE ACTIONS, AND PILOT TO EVALUATE THE 
ALTERNATIVE OF PROVIDING ELECTRONIC ACCESS TO SUCH U.S. PATENT 

REFERENCES 



Summary 

The United States Patent and Trademark Office (Office or USPTO) plans in the near future to: 

(1) cease mailing copies of US. patents and U.S. patent application publications (US patent 
references) with Office actions except for citations made during the international stage of an 
international application under the Patent Cooperation Treaty and those made during 
reexamination proceedings; and (2) provide electronic access to, with convenient downloading 
capability of, the US patent references cited in an Office action via the Office's private Patent 
Application Information Retrieval (PAIR) system which has a new feature called "E-Patent 
Reference." Before ceasing to provide copies of U.S. patent references with Office actions, the 
Office shall test the feasibility of the E-Patent Reference feature by conducting a two-month pilot 
project starting with Office actions mailed after December 1 , 2003. The Office shall evaluate the 
pilot project and publish the results in a notice which will be posted on the Office's web site 
rwww.USPTO.gov) and in the Patent Official Gazette (O.G.). In order to use the new E-Patent 
Reference feature during the pilot period, or when the Office ceases to send copies of U.S. patent 
references with Office actions, the applicant must: (1) obtain a digital certificate from the Office; 

(2) obtain a customer number from the Office, and (3) properly associate applications with the 
customer number. The pilot project does not involve or affect the current Office practice of 
supplying paper copies of foreign patent documents and non-patent literature with Office actions. 
Paper copies of references will continue to be provided by the USPTO for searches and written 
opinions prepared by the USPTO for international applications during the international stage and 
for reexamination proceedings. 

Description of Pilot Project to Provide Electronic Access to Cited U.S. Patent 
References 

On December 1, 2003, the Office will make available a new feature, E-Patent Reference, in the 
Office's private PAIR system, to allow more convenient downloading of U.S. patents and U.S: 
patent application publications. The new feature will allow an authorized user of private PAIR 
to download some or all of the U.S. patents and U.S, patent application publications cited by an 
examiner on form PTO-892 in Office actions, as well as U.S. patents and U.S. patent application 
publications submitted by applicants on form PTO/SB08 (1449) as part of an EDS. The retrieval 
of some or all of the documents may be performed in one downloading step with the documents 
encoded as Adobe Portable Document format (.pdf) files, which is an improvement over the 
current page-by-page retrieval capability from other USPTO systems. 



Steps to Use the New E-Patent Reference Feature During the Pilot Project and 
Thereafter 

Access to private PAIR is required to utilize E-Patent Reference. If you don't already have 
access to private PAIR, the Office urges practitioners, and applicants not represented by a 
practitioner, to take advantage of the transition period to obtain a no-cost USPTO Public Key 
Infrastructure (PKI) digital certificate, obtain a USPTO customer number, associate all of their 
pending and new application filings with their customer number, install no-cost software 
(supplied by the Office) required to access private PAIR and E-Patent Reference feature, and 
make appropriate arrangements for Internet access. The full instructions for obtaining a PKI 
digital certificate are available at the Office's Electronic Business Center (EBC) web page at 
<http://www.uspto.gov/ebc/downloads;html> > Note that a notarized signature will be required to 
obtain a digital certificate. 

To get a Customer Number, download and complete the Customer Number Request form, PTO- 
SB12S, at: http://www.uspto.gov/web/forms/sb01 25 .odf. The completed form can then be 
transmitted by facsimile to the Electronic Business Center at (703) 308-2840, or mailed to the 
address on the form. If you are a registered attorney or patent agent, thai your registration 
number must be associated with your customer number. This is accomplished by adding your 
registration number to the Customer Number Request form. A description of associating a 
customer number with an application is described at the EBC web page at* 
http'y/www.uspto.gov/ebc/registration pair.html . 

The E-Patent Reference feature will be accessed using a new button on the private PAIR screen. 
Qidinarily all of the cited U.S. patent and U.S. patent application publication references will be 
available over the Internet using the Office's new E-Patent Reference feature. The. size of the 
references to be downloaded will be displayed by E-Patent Reference so the download time can 
be estimated. Applicants and registered practitioners can select to download all of the references 
or any combination of cited references. Selected references will be downloaded as complete 
documents as Adobe Portable Document Format (pdf) files. For a limited period of time, the 
USPTO will include a copy of this notice with Office actions to encourage applicants to use this 
new feature and, if needed, to take the steps outlined above in order to be able to utilize this new 
feature during the pilot and thereafter. 

During the two-month pilot, the Office will evaluate the stability and capacity of the E-Patent 
Reference feature to reliably provide electronic access to cited U.S. patent and U.S. patent 
application publication references. While copies of U.S. patent and U.S. patent application 
publication references cited by examiners will continue to be mailed with Office actions during 
the pilot project, applicants are encouraged to use the private PAIR and the E-Patent Reference 
feature to electronically access and download cited U.S. patent and U.S. patent application 
publication references so the Office will be able to objectively evaluate its performance. The 
public is encouraged to submit comments to the Office on the usability and performance of the 
E-Patent Reference feature during the pilot. Further, during the pilot period registered: 
practitioners, and applicants not represented by a practitioner, are encouraged to experiment with 
the feature, develop a proficiency in using the feature, and establish new internal processes for 
using the new access to the cited U.S. patents and U.S. patent application publications to prepare 
for the anticipated cessation of the current Office practice of supplying copies of such cited 
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references. The Office plans to continue tb provide access to the E-Patent Reference feature 
during its evaluation of the pilot 



Comments 

Comments concerning the E-Patent Reference feature should be in writing and directed to the 
Electronic Business Center (BBC) at the USPTO by electronic mail at eReferencegtuspto ggv or 
by facsimile to (703) 308-2840. Comments will be posted and made available for public 
inspection. To ensure that comments are considered in the evaluation of the pilot project, 
comments should be submitted in writing by January 1 5, 2004. 

Comments with respect to specific applications should be sent to the Technology Centers' 
customer service centers. Comments concerning digital certificates, customer numbers, and 
associating customer numbers with applications should be sent to the Electronic Business Center 
(EBC) at the USPTO by facsimile at (703) 308-2840 or by e-mail at EBC@uspto gov. 

Implementation after Pilot 

After the pilot, its evaluation, and publication of a subsequent notice as indicated above, the 
Office expects to implement its plan to cease mailing paper copies of US. patent references cited 
during examination of non provisional applications on or after February 2, 2004; although copies 
of cited foreign patent documents, as well as non-patent literature, will still be mailed to the 
applicant until such time as substantially all applications have been scanned into IFW. 

For Further Information Contact 

Technical information on the operation of the IFW system can be found on the USPTO website 
at http://www.uspto.gov/weWpatents/ifw/index.html. Comments concerning the E-Patent 
Reference feature and questions concerning the operation of the PAIR system should be directed 
to the EBC at the USPTO at (866) 217-9197. The EBC may also be contacted by facsimile at 
(703) 308-2840 or by e-mail at EBC@uspto.gov. 





Nicholas P. Godici 
Commissioner for Patents 



